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Abstract 
This study aimed to determine how the activities of recycling impact on health, safety and the environment also raising questions 
related to social accountability, especially on the compliance with regulatory standards, and the legislation on health, safety and 
the environment. A questionnaire was developed and was applied directly to a group of recyclers, all located in Rio de Janeiro, 
Brazil being three from the Polyethylene segment and one from ethylene polyterephthalate. It was found that only 24% of the 
items evaluated were complied with in their entirety, demonstrating a low rate of compliance with issues related to health, safety, 
environment and social accountability. Ultimately, this study shows that there is a need for greater attention by the government to 
create an infrastructure for training in order to permeate information on health, safety, environment and social accountability to 
the professionals who operate in this sector. 
 
©  Published by Elsevier BV 
Keywords; Recycling, Plastic, Health, Safety, Social Accountability 
1. Introduction 
The question of the logistics for waste reprocessing has been a constant problem across different topics related to 
the management of health, safety and environment of states and counties of the Brazilian federation. A serious 
obstacle is the little awareness of the different stakeholders. The society, in general, has a great difficulty in 
becoming aware of the effective need for separating the different types of waste generated daily. The authorities do 
not provide resources for establishing a selective collection, by those who live of collecting discarded material, 
whether in the streets or in landfills. Those people, for their limited background or little education (if they have any) 
are constantly exposed to all sorts of health problems, because they have no information centers to receive basic 
knowledge on health and safety. At the end of this segment are the recycling stations - an activity still marginal – 
which do not face an effective audit from the different inspection agencies and also do not divulge information nor 
make available resources so that their activities can be carried out in acceptable conditions in terms of health, 
security and environment. 
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Brazil produces 100,000 tons of garbage a day. The metropolis of Sao Paulo generates 15,000 tons daily, a 
volume that, if pressed, would amount to a building of 30 floors. Everything is collected and deposited in landfills 
[1]. 
Regarding the recycling of paper, research carried out by Terasaki et al. [16] showed that the effluents generated 
in the process have eight types of pollutants, in particular, aryl hydrocarbons, including some chlorides of aryl ether 
not identified as aquatic pollutants, in concentration of 1600 ȝg.L-1 and 190 ȝg.g-1. Rix et al. [14], showed the 
occurrence of risk of cancer for workers in this sector. In the case of battery recycling Paoliello and De Capitani [10] 
found that the law is inadequate because it establishes a level of 60 ȝg / 100ml of blood lead (Maximum Allowable 
Biological Index - IBMP) as a safe limit, while the American Conference of Governmental Industrial Hygienists 
(ACGIH) sets a lower limit - 30 ȝg / 100ml of blood lead. 
With regard to the segment of plastics, Pereira [11] explained that the major impacts on health, safety and the 
environment identified in polyethylene terephthalate (PET) recycling, in the State of Rio de Janeiro are changes of 
landscape, conditions of water bodies, useful life of landfills, quality of groundwater, atmospheric emissions, noise 
and public health risks and damages to the health of the workers in this segment,. [7]. 
Considering this scenario, this study aimed to determine how recycling activities are being conducted in Rio de 
Janeiro, focusing on the workforce health and safety. To this end, based on the researched data on socio-
environmental accountability, focusing on areas of health, safety and environment, a questionnaire was created and 
submitted to small and medium size recycling companies to identify their situation in relation to those issues. It was 
decided to work with the plastics segment, mainly in the line of Low and High Density Polyethylene (LDPE / 
HDPE), polypropylene (PP) and polyethylene terephthalate (PET) because, in general, those are the ones which 
have most impact on the environment. 
2. The environmental legislation 
The environmental legislation in Brazil is considered one of the most restrictive  compared to other developed 
countries. There are several resolutions and laws that contribute to quality assurance of both the occupational safety 
and environmental issues, for example, Resolution No. 237, CONAMA establishes procedures and criteria used in 
environmental licensing, the Guideline, DZ-205.R -5 - establishes, as essential part of the Licensing System of 
Polluting Activities - SLAP requirements of water pollution control. There is also the Law No. 9605 of February 12, 
1998, Environmental Crime Law - determines criminal and administrative sanctions for conduct and activities 
harmful to the environment, and establishes other provisions [2,5,8].  
The System of Environmental Licensing of Rio de Janeiro City, adopted by Municipal Decree No. 28,329 of 
August 17, 2007, consists of five types of licenses depending on the types of activities and enterprises, as well as 
their size, and also the phase of its implementation, namely: Simplified Municipal License (LMS) - for the activities 
of small and low potential for environmental impact; Preliminary Municipal License (LMP) - A document issued at 
the initial stage of the project starting from adapting the design to the zoning codes and rules of use and occupation, 
and that establishes the basic requirements and conditions to be followed in the phases of installation and operation; 
Municipal License of Installation (LMI) - authorizes the beginning of  deployment of the enterprise or activity 
subordinating it to the conditions of location, installation, operation and others explicitly specified; Municipal 
License of Operation (LMO) – which is issued after the verification of compliance with the terms of the LMI, and 
authorizes the operation of the activity, provided that the conditions specified for operation had been obeyed and the 
Municipal License for Deactivation (LMD) - should be required for all projects and activities subject to the 
Municipal License of Operation, when the activity is ceased [13]. 
 
3. The standardization 
In Brazil, the concept of accident prevention, essential to aspects of occupational health and safety management, 
was already known by Brazilian organizations since the late 70’s, as result of the requirements of the Regulatory 
Standards (NR), created by the Ministry of Labor established from Ordinance 3214/78 related to safety and 
occupational medicine. These standards demand mandatory compliance by Brazilian companies, whether 
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incorporated or private, by government agencies of direct and indirect administration, as well as entities of the 
legislative and judicial branches that have employees covered by the Consolidation of Labor Laws (CLT) [12]. 
Regarding the application of international standards in the areas of health, safety and environment we find the 
standards established by the Occupational Safety Health Administration Series OHSAS 18001:2007 which requires 
that the organization must document, implement, maintain and continually improve a Work Health  and Safety 
management system. In the environmental area, the Brazilian Standard NBR ISO14001: 2004 set out principles to 
be followed by an environmental management system [3,9]. 
In the case of social accountability, despite being an area that is still being introduced in the management culture, 
we have as international standards the standard SA8000:2008 - Social Accountability, developed by the SAI - Social 
Accountability International, a non-governmental organization established in 1997 in the U.S. and that has its action 
focused on the consumer concerns about working conditions in the world [15]. 
The standard references the conditions of work, including: child labor, forced labor, health and safety, freedom 
of association collective bargaining, discrimination, disciplinary practices, work hours and compensation. In Brazil 
the NBR 16001:2004 deals with the question regarding social accountability and does not provide absolute criteria 
for performance, beyond those committed to the policy of social accountability management and continuous 
improvement, whereas the SA8000: 2008 establishes absolute criteria for performance when define its  requirements 
[4,15]. 
4. Methodology 
The questionnaire included data from the companies, and questions about legal regulations concerned with the 
environment, followed by questions on social accountability, and finally questions related to aspects of health and 
safety.  
As our work focused on the plastic recycling area, we only contacted companies listed in the registries of the 
Association of Recyclers of the State of Rio de Janeiro (ARERJ) and of the Enterpreunerial Commitment to 
Recycling (CEMPRE). According to the CEMPRE site there are: 
9 24 Plastic Recyclers in the Rio de Janeiro County  
9 76 Plastic Recyclers in the State of Rio de Janeiro   
9 859 Plastic Recyclers in Brazil 
The research focused only on recyclers located in the Rio de Janeiro County. A significant number of companies 
were contacted, but just four of them agreed to participate in the research (one recycler of ethylene polyterephthalate 
(PET) and three recyclers of Low-density polyethylene - LDPE). Even though the number of companies surveyed 
were 16% of the total, the results will serve as a basis to evaluate the situation of this industry sector on aspects of 
health, safety and environment. 
For each item of the questionnaire acceptance criteria were established, in order to facilitate its judgement and 
allow assignment of values of Complied (C), Partially Complied (PC), or Not Complied (N)   for each evaluated 
item. The value Not Applicable (NA) was attributed when judged in common agreement, and justified. Some of the 
acceptance criteria are presented in Table 1. 
Table 2 shows the number of employees and contractors for esch company and the company production in 2009 
for recyclers in the plastic sector 
 
5. Results  
Tables 3, 4 and 5 present a summary of the responses to the questionnaire and degree of compliance of each 
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Table 1 – Acceptance Criteria 
 
Item considered as Complied 
(C) if the company had: 
Item considered as Partially 
Complied (PC) if the company had: 
Item considered as Not Complied 
(N) if the company did not have: 
Formal Emergency Plan 
Emergency Plan in implementation 
phase, or absence of qualified 
professionals to handle emergencies 
Emergency Plan 
Formal PPRA and PCMSO 
programs. 
Formal PPRA and PCMSO 
programs, however unable to provide 
risk identification and evaluation 
PPRA and PCMSO programs 
Control of all gas emissions 
and solid waste generated in 
the process 
 
Control of gas emissions not covering 
all emissions, or process still in 
implementation phase,management 
program not covering  all solid waste 
generated in  process 
Control of gas emissions and 
management program of solid 
waste/disposal 
 
Constitued SESMT and/or 
CIPA 
SESMT and/or CIPA in constituition 
phase SESMT and/or CIPA 
Formal preventive and 
corrective maintenance plan 
 
Corrective maintenance plan, 
however not formal or in 
implementation phase 
Preventive and corrective 
maintenance plan (electrical and 
mechanic) 
Evidence of providing EPI to 
its employees, with Approval 
Certificate, records of training 
on the EPI use and care, as well 
as a methodology to audit its 
use. 
Evidence of providing EPI to its 
employees, with Approval 
Certificate, however with no records 
of training on the EPI use and care, or 
lack of a methodology to audit  its 
use 
Evidence of providing EPI to its 
employees, with Approval 
Certificate, records of training on the 
EPI use and care, as well as a 
methodology to audit its use. 
 
Table 2 – Annual Production by company and number of employees/contractors by plastic sector 
 
Company 
Number of employes 
and contractors 
Male/Female 
Plastic Segment Production (Ton./Year) 
A 7 / 15 LDPE 300 
B 44 / 6 LDPE 1440 
C 60 / 5 LDPE 1800 
D 31(*) / 25 PET 5640 
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Table 3 – Situation of the companies in the environmental area 
 
Company Situation(*) Environment C PC N NA 
a ) Does the company have Operation License? 25 75 - - 
b) Is there solid waste generation in the process? If so, inform what are the main controls 
and/or destination given to each type. 50 50 - - 
c) Does the company have an industrial effluents treatment plant? 25 - 50 25 
d) Is there gases emission in the process? If so, inform what are the main control actions 
in practice.  25 25 50 - 
e) Does the company have a certified environmental management system? - - 100 - 
 
Table 4 – Situation of the companies in the area of social accountability 
 
Company Situation (*) Social Accountability C PC N NA 
a) Are there evidences of sex, race, or age discrimination?  100 - - - 
b) Do all employees and contractors have a signed and updated work register?  100 - - - 
c) Are minors on  internship programs hired according to the current legislation? 
(attention for apprentices within the existing legal regulations)  25 - 75 - 
d) Are adequate benefits provided to the company’s workforce (food vouchers, health 
plan, insurance, profit sharing)?  - 100 - - 
e) Does the company have a certified social accountability management system? - - 100 - 
 
Table 5 – Situation of the companies in the health and safety area 
 
Company Situation (*) Health & Safety C PC N NA 
a) Does the company have Certificate from the Fire Department? 25 75 - - 
b) Does the company constitute SESMT (according to the degree of risk–GR and 
number of employees)? - - - 100 
c) Did the company constitute a CIPA? 25 50 25 - 
d) Are there evidences of accident records, with or without issuing of Work Accident 
Communication in the last five years? - 50 50 - 
e) Does the company have a Program of Medical Control and Occupational Health? - 50 50 - 
f) Does the company have a Program of Environmental Risks Prevention? - 50 50 - 
g) Are the shipping, movement, storing and handling of  materials done in a manner to 
avoid accidents ? 25 25 50 - 
h) Do the machines and equipment have safety start/stop interlocks and are they 
accessible?  - 100 - - 
i) Does the company provide safety signals, including Risks Matrix to communicate the 
risks to the workforce? - 100 - - 
j) Are fire extinguishers available in the plant and are they periodically  inspected? - 100 - - 
(*) Legend: C = Complied, PC = Partially Complied, N = Not Complied and  NA = Not Applicable 
 




The research showed the lack of knowledge of the managers on questions related to health, safety, and socio-
environmental areas. It was also verified that the plastic recycling industries do not comply with the requirements of 
the work regulations and health and safety legislation.  
Although some companies document accidents, with a work accident communication (CAT), there is no 
established routine of investigation of the causes of the accidents to avoid recurrence. The communication of risks in 
the workers activities is not done through a service order, as expected by the regulatory standards NR01. The 
companies provide personal protective equipment; however, there is no inspection program to audit their use, 
increasing the exposure of the workers to the risks present in the workplace. 
Programs, such as the Medical Control and Occupational Health Program (PCMSO) and the Environmental 
Risks Prevention Program (PPRA), were partially implemented in 50% of the companies, and have not assessed all 
the physical, chemical, and biologic risks in the workplace, making unfeasible the early diagnostic of occupational 
diseases. Moreover, it is noticeable the absence of ergonomic evaluations, of qualification programs for electricians, 
of maintenance plans, and emergency plans.       
From the four companies evaluated only one stated it had an operation license, issued by the environmental state 
department, however it was not observed control system for emission of volatile compounds in the low pressure 
zones of the extruders and were found effluent treatment stations which were wrongly dimensioned or nonexistent.  
In relation to the social questions, all workers had a signed work register, besides excessive overtime hours were 
avoided, and when necessary overtime hours were paid according to the law. However, it has not been observed 
initiatives in the area of social accountability, such as: employee health plan, compensation based on the company 
performance (profit sharing compensation) education aid such as reimbursement of work-related training for 
employees and scholarships for his dependents; increase of the integration with the community, to make it aware of 
company projects, through presentations by their employees; partnerships to support local hospitals and childcare 
centers, to improve them; incentive to cultural projects and others. 
Regarding the management system, it was found that none of the evaluated companies decided to implement a 
management system of health and safety or environmental or social accountability, whether certified or not, staying 




Based on the present research it can be verified that the recycling sector should be encouraged more and mainly 
be recognized as an essential activity for preserving the environment. The government should promote the activity, 
by creating training courses similar to that being realized by the Program of Mobilization of the National Oil and 
Gas Industry (PROMIMP), instituted by the Federal Government decree nº 4.925, from December 19, 2003, with 
the objective of maximize the participation of the national industry, on sustainable and competitive basis, in the 
implementation of projects of oil and gas in Brazil and overseas [6].     
The same study should be carried out with the hand-separated recycling sector. If the perspectives of industrial 
growth forecasted with the start of the operational phase of the pre-salt were confirmed, the State of Rio de Janeiro 
will undergo a complete industrial reform being expected the creation of at least two petrochemical complexes 
which certainly will generate new companies. These will be capable to make available, in the market, recyclable 
materials, and the training of this qualified workers would meet this future demand. 
 
8. Nomenclature 
ACGIH American Conference of Governmental Industrial Hygienists 
ARERJ Recyclers Association of the State of Rio de Janeiro  
CAT Work Accident Communication 
CEMPRE Enterpreneurial Commitments to Recycling 
CLT Consolidation of Work Laws 
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CONAMA  Environment National Council 
IBMP Maximum Allowable Biologic Index 
LMD  Municipal License for Deactivation 
LMI  Municipal License for Installation  
LMO Municipal License for Operation 
LMP  Preliminary Municipal License 
LMS  Simplified Municipal License 
NBR Brazilian Standard 
NR  Regulatory Standard 
OHSAS Occupational Health and Safety Assessment Series  
PCMSO Medical Control and Occupational Health Program 
LDPE Low-density polyethylene  
HDPE High-density polyethylene  
PET ethylene polyterephthalate  
PL  Profit Sharing 
PP  Polypropilene 
PPRA Environmental Risks Prevention Program 
PROMIMP Program of Mobilization of the National  Oil and Natural Gas Industry 
SAI  Social Accountability International 
SLAP Licensing System for Polluting Activities 
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